Acrothoracican males are small, sac-like forms. There have been several works on their anatomy based on light microscopy (AURIVILLIUS 1894; TOMLINSON 1969; TURQUIER 1971 TURQUIER , 1985 UTINOMI 1961) . These authors generally paid attention to the presence or absence of a penis, the structure of the testis and nervous system, and the form of the body and antennules (or "orchid/testicular" lobe). Some descriptions indicated a surface ornamentation of fine dots, spicules, hairs and teeth (especially around the end opposite the antennules), or peg plates on the male integument. However, external study of the cuticle using scanning electron microscope has not been done. Data are presented here based on study of males from all acrothoracican families, even though full information on internal anatomy (presence or absence of a penis, structure of the nervous system, testis form, etc.) is lacking in the investigated species.
The aperture of each boring containing a barnacle, was treated with 2% HCl in order to remove the animal. All material was preserved in 70% alcohol. Some specimens were treated in a solution of about 10% KOH in a small beaker set within a larger one holding a small amount of boiling tap water. KOH-treated material was transferred to glycerine (TOMLIN-SON 1969) for light microscopy. The acrothoracican males were prepared for SEM by post-fixation in 2% OsO 4 (Osmium tetroxide) for 2 h, dehydration in acetone, critical point drying in CO 2 , and sputter-coating with platinum-palladium; they were examined with a HITACHI S405A scanning electron microscope at 15 kV. The borings were often contaminated with mud, silt, debris, and sand, and some specimens retained debris even after cleaning and sonication in TWEEN solution. The terminology proposed for cuticular structures by HØEG et al. (1994) and by KLEPAL & NEMESCHKAL (1995) The males have the ordinary pear-like form that is characteristic of many lithoglyptid barnacles (Fig. 1A , B). They were attached to females, near the female attachment disk, by the conspicuous remnants of their antennules. The young, just-molted male is about 250 × 300 µm (Fig. 3B ) and, as a rule, has a short, bifid, distal end (the "top" region of the sac-like thoracican males in the terminology of KLEPAL & NEMESCHKAL 1995) and often retains the cyprid carapace and eyes (Figs. 1A; 3B). The mature male is about 240 × 500 µm and possesses an elongated distal end (Fig. 3A) . The old males are almost transparent. The cuticle at each stage is wrinkled, and the distal end is covered with fine annulations (Figs. 1A, B; 3A) . The cuticle of the bulbous middle part bears dense denticles (teeth) arranged in irregular patches (Fig. 3E, F) . The denticles are about 1-1.5 µm in height and similar to the cuticular teeth of scalpellid males (KLEPAL & NEMESCHKAL 1995) . They also slightly resemble the cuticular extensions of the attachment disk described in lithoglyptid females (KOLBASOV 1999) . The cuticle Fig. 2. A near the antennules and distal end lacks these denticles (Fig. 3C ). The distal end bears a slit-like aperture, equipped with dense, upwardly directed, seta-like denticles about 2.5-4 µm in height (Fig. 3D ). These denticles may guard the entrance to the male's mantle cavity. There are no heavy spines or mantle teeth.
Lithoglyptes bicornis Aurivillius, 1892
Figs. 1C; 3G-J Localities: Maldives, Genego I., approx. 3°49′N, 73°06′ E: coral reef, intertidal zone, 2 females and 2 males in Turbo argyrostoma; same location, coral reef, 1.0-1.5 m, 3 females and 2 males in Morula sp., intertidal zone; Red Sea, Assab Bay, 13°04.8′N, 42°42.7′′ E, 0.5 m, 3 females and 2 males in Barbatia velata Sowerby, 1843; Gulf of Aden, 13°59′5′′N, 48°24′ 7′′ E, 10 m, 1 female and 1 male in Pinctada margaritifera Linnaeus, 1758. The mature male of L. bicornis is about 290 × 700 µm, with a long, thin stalk and two conspicuous lateral body projections or lobes, sometimes referred to as wings ( Fig. 1C) , which distinguish it from the male of L. mitis and the males of many other species of Lithoglyptes. The unpaired stalk is about 330 µm long and represents a body projection connected to the reduced antennules (Fig. 1C) . The third antennular segments serve for attachment to the female. The cuticle of the stalk is smooth except at the base, where it is strongly wrinkled (Fig. 3G) . Denticles (1.8-2.4 µm long) that are feebly arranged into transverse rows densely cover the main part of the body (Fig. 3H) , except the distal part. The distal part is strongly wrinkled and equipped with denticles similar to sparse fringes (KLEPAL & NEMESCHKAL 1995) (Fig. 3I) . It bears an aperture (Fig. 1C ) which looks like a simple slit (Fig. 3J) with strongly wrinkled margins. No denticles or setae were found (perhaps hidden) around the apertural slit, nor are there any heavy mantle teeth or spines.
Genus Kochlorine Noll, 1872
Kochlorine hamata Noll, 1872 Figs. 2A, B; 4A-F Localities: Gulf of Siam, intertidal zone, 2 females and 1 male in Turbo bruneus Roding, 1798; Java, Chilachap, app. 7°45′ S, 109°04′ E, intertidal zone, 2 females and 2 males in Thais sp. The body of the male, about 270 × 560 µm, is Vshaped ( Figs. 2A, B ; 4A) and has a nauplius eye and distinct lateral lobes (wings) (one or two, as a rule) that serve for the elongation of the penis sheath (TOMLIN-SON 1969) . A long stalk is present between the body and the antennular rudiments, but it often breaks off after removal of the male and remains attached near the female's attachment disk.
The surface of a mature male is covered with different kinds of denticles. Dense, short and sharp denticles (about 0.5-1µm in height), often forming transverse combs, occur from the mid-body to near the distal end (Fig. 4B) . Long, sharp, irregular denticles (1.5-2 µm in height) are scattered on the lateral lobes (Fig. 4F) . Longer, sharp denticles (2.8-3.5 µm in height), fused at the bases to form combs, cover the body of a young male (Fig. 4C) . The area near the stalk is wrinkled and lacks denticles (Fig. 4D) . These data suggest that young males and the "younger" parts of the body of mature males (such as lateral lobes) are originally covered with long denticles that become reduced in size as the male grows. The distal tip bears a semicircular fold that probably encloses the entrance to the mantle cavity (Fig. 4E ), but no aperture or heavy mantle teeth are found there.
Kochlorine sp. Figs. 2C; 4G-K Locality: Cape Verde Is., Santiagu I., Orotawa, tidal zone, app. 20 females and 5 males in madreporian coral Prionastera sp. Both sexes of this species share a number of characters with K. hamata. The young male is triangular, about 140 × 300 µm, without lateral lobes (wings) (Fig. 4H) , whereas the mature male (about 150 × 350 µm) possesses two lateral lobes near the attachment end ( Figs. 2C; 4G ). Young and mature males have a long stalk situated in a special depression on the female mantle near the attachment disk (Fig. 4G, H) . The armament of the male body is the same as in K. hamata. Short denticles (0.5-1 µm in height) grouped into irregular transverse rows cover the body of the mature male (Fig. 4J) , whereas long, sharp denticles (2.8-3.7 µm in height) occur densely on the cuticle of the young male (Fig. 4K) . The distal end is closed by a small, semicircular fold (Fig. 4I) .
Family Cryptophialidae Gerstaecker, 1866 Genus Cryptophialus Darwin, 1854
Cryptophialus hoegi Kolbasov, 2000 Figs. 2D, E; 5A-C, E Locality: Gulf of Aden, approx. 12°11′N, 44°16′E, sublittoral, more than 50 females and 6 males in a shell of the gastropod Purpura persica Linnaeus, 1758. The dwarf males are typical for the genus. The young male is about 180 × 250 µm and rounded ( Figs. 2D ; 5B). The mature male is about 215 × 430 µm and bottle-shaped with a long, neck-like, annulated distal end forming an elongated sheath for the penis (Figs. 2E; 5A). The bilobed distal end lacks the heavy spines or teeth (Figs. 2E; 5C) that are characteristic for males of several species of this genus (TOMLINSON 1969; SMYTH 1986; KLEPAL 1987) . The males possess ordinary short (non-stalked) attachment antennules (Figs. 2D, E ; 5B). The surface lacks the peg plates and hairs characteristic for the cyprid carapace of cryptophialids (TOMLIN-SON 1969; own data). The cuticle of the body lacks denticles or fringes. The cuticle of the bulbous (anterior/proximal) part is heavily wrinkled. The distal end of the mature male is covered with dense, circular cuticular ribs, probably serving for flexibility of this area (Fig. 5C, E) . On the lobes at the distal end, these ribs look like fingerprints (Fig.  5C) . A narrow slit without any denticles or setae is situated between these lobes (Fig. 5C ). The elongation of the distal end of cryptophialid males propbably serves to maintain an appropriate distance between the male and female apertures. It may reflect the strong elongation of the neck area of the mantle of cryptophialid females and the concomitantly large distance between the aperture and the attachment area of the females, where males attach to the mantle sac.
Cryptophialus sp. Figs. 2F; 5D, F Locality: South China Sea, Vietnam, approx. 12°N, 109°E, intertidal zone, more than 100 females and 16 dwarf males in gastropod shells occupied by hermitcrabs.
Cryptophialus sp. appears to be closely related to C. variabilis Stubbings, 1961 . The dwarf males of both species are similar. The mature male of the present form is about 212 × 700 µm and has ordinary antennules, a bulbous proximal part, and a very long, annulated distal end (sheath for the penis), which terminates in a non-toothed, bilobed process ( Figs. 2F; 5D ). The ultrastructure of the cuticle is similar to that in C. hoegi. The males lack strong mantle teeth or spines. The proximal bulbous part is covered with slightly wrinkled cuticle, while the distal end bears dense and conspicuous, circular cuticular ribs (Fig. 5F ) which look like fingerprints on the terminal lobes (Fig. 5D) .
A small opening appears to be situated between these lobes (Fig. 5D) . There are several works elucidating the structure of males of T. lampas (DARWIN 1854; AURIVILLIUS 1894; BERNDT 1903) . Good descriptions of the anatomy of T. lampas and other species of this genus have been given by TOMLINSON (1955 TOMLINSON ( , 1969 and especially by TURQUIER (1971, 1976, 1987) .
Several males (up to 12) are firmly embedded in a female mantle depression in the disk area (Fig. 5I) by a special process, erroneously called the "peduncle" (DARWIN 1854). The males of T. lampas resemble a slightly bulging bottle of variable shape, with two small "peduncular" lobes situated at the base of the "peduncle" (Fig. 5G, I ). The cuticle is slightly wrinkled, without distinct circular annulation or cuticular ribs. Small, irregular denticles (about 0.25-0.45 µm in height) densely cover almost the whole surface of the male body (Fig. 5J) . No distinct apertural slit or fold is found at the end of the body (Fig. 5H, K) , nor are there any strong, short spines like those described on the lateral lobes of T. spinulosa Turquier, 1976 (TURQUIER 1976 .
DISCUSSION
It is possible to identify several different types of dwarf males in the Acrothoracica, using characters of the cuticle and the form of the body: A. Bottle-shaped males with no denticles on the cuticle (except the heavy spines or teeth at the distal end in several species) and with short antennules, and a long, neck-like sheath for the penis, the sheath being covered with distinct circular cuticular ribs. Found in the family Cryptophialidae: Cryptophialus and Australophialus (own data). B. Males with assorted denticles on the cuticle (Lithoglyptidae and Trypetesidae), subdivided according to body form, into the following categories: 1. Pear-, heart-, or bottle-shaped males without lateral lobes/wings and with short antennules and an apertural slit. Found in Weltneria and some species of Lithoglyptes (including Lithoglyptes balanodytes Kolbasov, 2000 - former Balanodytes taiwanus Utinomi, 1950 (KOLBASOV 2000a ), and probably Berndtia and Kochlorinopsis (but no information available on cuticular ultrastructure). 2. Mature males with lateral lobes/wings and a stalk between the body and the antennules: a. Distal end terminating in a slit. Found in some species of Lithoglyptes. b. Distal end closed by a special fold. Found in some species of Kochlorine. 3. Males of different form from the above, often having a specialized attachment organ like an "orchid/testicular lobe" or "peduncle", and also lateral lobes/wings. Found in Trypetesa -without a slit or fold at the distal end; some species of Kochlorine -no information on the ultrastructure). This classification is preliminary, because we lack data on the male ultrastructure of most species. However, the main trends in the evolution of acrothoracican males may be observed. KLEPAL (1987) indicated two trends: "... one towards a differentiated form of attachment and the other towards a more effective way of reproduction with less material expenditure". Here I concentrate on the evolution of the male body and its structures. Following KLEPAL (1987) , the pear-shaped males (Weltneria and some species of Lithoglyptes) may be viewed as the most generalized. Their form differs only slightly from that of the cyprid body, and there are no wings/lobes. These males have no long attachment stalk, thus the distance between the male and the female apertures is small. The apertural slit of these males may be interpreted as homologous to the female aperture. The slit may be equipped with long seta-like denticles guarding the entrance to the mantle cavity. In addition, males of several acrothoracican species bear "teeth and hairs" on the distal end (TOMLINSON 1969) . The aperture of the female has a different armament (opercular bars with denticles, teeth, and setae). The males with lateral lobes/wings, a larger mantle cavity serving as an internal sheath for the penis, and a long attachment stalk, "peduncle", or "orchid/testicular lobe", are interprepted as more apomorphic (some species of Lithoglyptes, Kochlorine, and Trypetesa). A gradual reduction of the aperture is observed within this group. The male of L. bicornis still has an apertural slit, whereas the distal end of the male of K. hamata and Kochlorine sp. is closed by special fold. The males of T. lampas have neither slits nor folds. It is interesting that the two investigated species of Lithoglyptes (L. mitis and L. bicornis) have males of different types. This indicates that this genus may not be monophyletic (GRYGIER & NEWMAN 1985; KOL-BASOV 1998) . The function of the assorted denticles covering the acrothoracican male cuticle seems to be similar to that of the cuticular structures in scalpellid males (KLEPAL & NEMESCHKAL 1995) , in which ".... keeping the distance allows an exchange of substances between the body and the surrounding water." They may also act like cleaning structures for removing detritus and abrasive material. The long, sharp denticles in K. hamata and Kochlorine sp. may abrade the boring's wall themselves. Separate denticles are found in Lithoglyptes and their fusion into combs in the genus Kochlorine may be interpreted as the apomorphic condition. A similar tendency was observed for scalpellid males (KLEPAL & NEMESCHKAL 1995) . Several complex cuticular structures such as scales, fringe-spines, and scale-combs, described in scalpellid sac-like males and suggested as the derivatives of simple denticles or fringes (KLEPAL & NEMESCHKAL 1995) are not found in acrothoracican males. The Acrothoracica represents the most plesiomorphic taxon of extant Cirripedia , therefore the absence of some complex cuticular structures may be the plesiomorphic state of cuticle ornamentation, than a secondary loss, in comparison with the sac-like thoracican males. Different cuticular structures, such as denticles, fringes, setae, scales, and combs are characteristic of arthropod cuticle in general and their presence could be interpreted as a plesiomorphic/generalised condition for all crustaceans MÜLLER & WALOSSEK 1988; KLEPAL & NEMESCHKAL 1995) . Simple denticles are present in the dwarf males of almost all acrothoracican taxa except the Cryptophialidae. The absence of denticles in the Cryptophialidae is apparently another apomorphic condition distinguishing this family from other acrothoracican families. In addition, the females and cyprids of the Cryptophialidae strongly differ from those of the Lithoglyptidae and Trypetesidae. The cryptophialid female has a long neck, while the cyprid has strongly reduced natatory limbs in Australophialus and is completely reduced in Cryptophialus; the cyprid carapace is covered with pegs and setae (TOMLINSON 1969; KOLBASOV 2000b ; own data). These data indicate that relationships among acrothoracican species as inferred from male characterss are in general accord with those inferred from female characters. The structure and anatomy of acrothoracican males may, therefore, be reliable for use in the systematics of this group even at higher taxonomic levels.
